Abstract Gas pressure is one of the necessary conditions for the occurrence of coal and gas 11 outburst. Realization of continuous and dynamic gas pressure forecasting is of significance for 12 prevention and control of coal and gas outburst. In this work, we established a gas pressure 13 prediction model based on the source of gas emission with considering fluid-solid coupling 14 process. The verified results showed that the predicted gas pressure was roughly consistent with 15 the actual situation, indicating that the prediction model is correct. And it could meet the need of 16 engineering projects. Coal and gas outburst dynamic phenomenon is successfully predicted in 17 engineering application with the model. Overall, prediction coal and gas outburst with the gas 18 pressure model can achieve the continuous and dynamic effect. It can overcome both the static and 19 sampling shortcomings of traditional methods, and solve the difficulty of coal and gas outburst 20 prediction at the excavation face. With its broad applicability and potential prospect, we believe 21 the model is of great importance for improving prevention and control of gas disasters. 22
 is the decay coefficient of coal wall gas, min -1 ; t 2 is the exposure time of coal wall, 111
min. 112
Likewise, the intensity of gas emission from a unit area of roadway wall is 113 
min). 116
Suppose that a small length segment along the roadway is dl, the rate of gas emission around 117 the roadway wall along the dl obeys Eq.(5), the amount of gas emission from dL at t 2 is 118 where A is the perimeter of the coal wall, m. 120
Af ter excavating X m, at the place L far away from the roadway head, the amount of gas 121 emission from the roadway wall Qr is the integral of Eq.(6) from the roadway head to the place L, 122 that is, According to Eqs.(4) and (7), the intensity of gas emission from the coal wall is 125 From Eq.(8), it can be seen that gas emission from coal wall is closely related to the intensity 127 of gas emission per unit area of the coal wall. 128
To obtain the intensity of gas emission per unit area of the coal wall, it is assumed that the 129 process of coalbed gas migration is an isothermal process, free gas is an ideal gas complying with 130 the ideal gas equation of state; coal is a continuous medium, plastic deformation of gas bearing 131 coal is small, and the gas flow in coal wall is unidirectional and steady. 132
Gas adsorption obeys the Langmuir equation, the content of gas can be expressed as 133
where X m is the content of gas per unit coal mass, m 3 /t; a is the limit adsorption amount of coal, 135 where u is the velocity of gas flow, m/s; k is the permeability of coalbed, m 2 ; μ is the coefficient of 142 gas dynamic viscosity, MPa· s; ∂p/∂x is the gradient of gas pressure, MPa/m. According to the ideal 143 gas law, we converted the velocity of gas flow to volume flux. Hence, Eq. (10) 
Model for gas pressure prediction 162
The fluid-solid coupling in the process of gas emission is very complex, thus it is necessary 163 to introduce the dynamic evolution of the permeability of gas-bearing coal in the following ( 
where k 0 is the coalbed initial permeability, m 2 ; p l is the gas pressure of coalbed within the 167 affecting extent of gas seepage, MPa; φ 0 is the coalbed initial porosity; K is the coal elastic 168 modulus, MPa;   is the stress increment, MPa; c is the mass of combustible materials in a 169 unit volume of coal, t/m 3 ; R is the universal gas constant, 8.3145 J/ (kg· K); V m is the molar volume 170 of gas under standard conditions and equals to 22.4 L/mol; K j is the elastic modulus of coal matrix, 171
MPa. 172
Joining Eqs. (14), (15) and (16) 
with its initial and boundary conditions: 178
where l is the affecting scope of gas seepage, m. 181
The model for predicting gas pressure is a set of complex nonlinear partial differential 182 equations. Because it fully considers factors related to gas pressure including stress, as well as 183 fluid-solid coupling process, we believe it should have a higher accuracy. 
Geological background 194
Liangbei Coal Mine is located at 37 km west of Xuchang City, Henan Province, China, as 195 shown in Fig.1 . It belongs to the Shenhuo Coal Industry Group. Its annual raw coal output is 196 900,000 tons. In its production process, the coal mine experienced many coal and gas outbursts, 197 extrusion, rib spalling, floor heave, and serious deformation of roof and both sides of roadway. 
Model parameters 215
Our model is 100 m long and 100 m wide and uses the geological conditions of the No. 216 11131 excavating face of Liangbei Coal Mine as our prototype. Its roof, floor and coalbed 217 thicknesses are fixed according to the actual situation, as shown in Fig. 3 . The bottom of the 218 model is subject to the fixed constraint, and all its boundaries are fixed. The excavation part is the 219 dark blue bulk in Fig. 3 and the excavation distance is determined according to the driving footage. is obvious that during this time, the minimal and maximal drill cuttings desorption indexes Δh2 227 were 80 Pa and 100 Pa, respectively; the minimal and maximal drill cuttings weight S were 2.6 228 kg/m and 3kg/m, respectively; the minimal and maximal initial gas emission velocity ΔP were 5.2 229 and 6.1, respectively. Thus, all the conventional indicators were far below the warning criteria of 230 risk and little change. It shows that there's not any coal and gas outburst risk and factors impacting 231 gas emission including stress, gas pressure as well as coal physical and mechanical properties 232 barely changed. And it is the main reason for relative stable gas emission during the period. 233
Measuring gas pressure takes several days or even months. So borehole gas content was 234 measured on-site, and Eq.(9) was used to deduce the gas pressure by gas content. The simulated 235 gas pressure based on the prediction model was verified from two respects, one is the coal seam 236 gas pressure during May 6~30, 2015, and the other is the gas pressure distribution in the front of 237 the face. 238 
respectively. 246
The above verification of the gas-emission-based gas pressure prediction model clear 247 indicated that the model fully considers the factors related to gas pressure and has a higher 248 accuracy. It is suitable for engineering needs. tons of coal and approximately 50,000 m 3 of gas. During the current production, coal and gas 255 outburst phenomena, such as gas spurting from boreholes and drill-bit suction, happened many 256 times. Gas is an important factor causing coal and gas outburst disaster. In China, gas pressure less 257 than 0.74 MPa or gas content less than 8 m 3 /t is regarded as no outburst risk. However, the No.2 1 258 coalbed of Liangbei Coal Mine has strong outburst risk, and low index coal and gas outbursts 259 happened several times. And coal and gas outburst is very difficult to predict accurately. In Henan 260
Province where Liangbei Coal Mine is located, more strict stipulation is made. Gas pressure less 261 than 0.6 MPa or gas content less than 6 m 3 /t is regarded as no out risk. Thus, application of our 262 new gas pressure prediction method may help solve the coal and gas outburst prediction problem 263 based on the new model reached 0.62 MPa. Thus, the excavation was stopped for drilling to test 268 risk and relief stress and gas pressure. During the drilling process, a slight borehole-spurting 269 phenomenon occurred. However, the impacts of geological structure and other related factors were 270 not found. 271
The index of gas desorption from drill cuttings Δh2 and the initial velocity of gas emission ΔP, 272
but not the drill cuttings weight, were beyond their warning criteria. indicators, the gas-pressure prediction model for coal and gas outburst can be used for continuous 279 and dynamic prediction. And it overcomes the static and sampling shortcomings of traditional 280 methods. The new method for coal and gas outburst prediction at the excavation face has 281 advantages over the conventional method in the continuous and dynamic prediction. 282
Conclusions 283
We established a continuous dynamic prediction model of gas pressure in this paper. It's 284 based on gas emission and considers fluid-solid coupling process. The simulated results
285
according to the prediction model were roughly consistent with the actual situation. It's with 286 errors in coalbed gas pressures in the range of 5.88~13.3% and in gas pressure distribution with 287 the drilling depth increasing in the range of 0.86~15.5%. The gas pressure prediction model fully 288 considers factors and has a higher accuracy. It can meet the needs of engineering. 289
The uses of gas pressure prediction model successfully predict the coal and gas outburst 290 dynamic phenomenon occurring at the roadway excavation face of the Liangbei Coal Mine. 291
Before its occurrence, all the conventional indicators of the face were below the critical values of 292 outburst risks. This shows that the gas pressure prediction model, as a new method for coal and 293 gas outburst prediction, realizes continuous and dynamic prediction for coal and gas outburst. And 294 it overcomes the static and sampling shortcomings of the traditional prediction method. We 295 believe it has broad applicability and great potential prospect. 296 297
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